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(54) Reduction threading dislocations by amorphlzatlon and recrystallzatlon 



(57) A method for providing an epitaxial iayer[1 4] of 
a fret material over a 6ubstrate[1 1] comprising a second 
material having a lattice constant different from that of 
the first material. In the method of the present Invention, 
a first layer of the first material is grown on the sub- 
stratef.1 1]. A portion of the first layer is treated to render 
that portion amorphous. The amorphous portion is then 
annealed at a temperature above the recrystallization 



point of the amorphous portion, but below the melting 
point of the crystallized portion of the first layer thereby 
recrystallizing the amorphous portion of the first layer. 
The first layer may rendered amorphous by ion implan- 
tatioa The method may be used to generate GaN layers 
on sapphire having fewer dislocations than GaN layers 
generated by conventional deposition techniques. 



FIGURE 1 
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Description 

Field of the Invention 

The present invention relates to integrated circuit 
fabrication, and more particularly, to a method for reduc- 
ing the dislocations that occur when a layer is deposited 
and crystallized on a substrate having a lattice constant 
that differs substantially from the layer being deposited. 

Background of the Invention 
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ing fewer dislocations than QaN layers generated by 
conventional deposition techniques. 

Brief Description of the Drawings 

Figures 1-3 are cross-sectional views of a GaN 
layer deposited by the method of the present invention. 

Detailed Description of th e Invention 



A coirimon operation In integrated circuit fabrication 
is the deposition of a layer of crystalline material having 
a first lattice constant on a substrate consisting of a is 
layer of material having a second lattice constant. K the 
first and second lattice constants differ significantly, the 
deposited layer contains dislocations resulting from the 
mismatch in the lattice constants. Such dislocations 
degrade the performance of the devices In which they so 
appear. In addition, these dislocations can lead to fur- 
ther dislocations in subsequently deposited layers. 

For example, GaN layers are particularly useful in 
constructing lasers in the blue and green wavelengths. 
These layers are typically deposited on a sapphire sub- ss 
strate. The lattice constants of GaN and sapphire differ 
by 1 3%. As a result, the GaN layer can have as many as 
1 0 9 dislocations per cm 2 . 

Broadly, it is the object of the present Invention to 
provide an improved method fa depositing a layer of 30 
crystalline material on a crystalline substrate having a 
substantially different lattice constant from that of the 
deposited layer. 

It is a further object of the present invention to pro- 
vide a method for depositing GaN on sapphire which ss 
results in fewer dislocations in the GaN layer than 
obtained with conventional deposition techniques. 

These and other objects of the present invention 
will become apparent to those skilled in the art from the 
following detailed description of the Invention and the 40 
accompanying drawings. 

Summary of the Invention 

The present Invention comprises a method for pro- 45 
viding an epitaxial layer of a first material on a substrate 
comprising a second material having a lattice constant 
different from that of the first material. In the method of 
the present Invention, a first layer of the first material Is 
grown on the substrate. A portion of the first layer Is so 
treated to render that portion amorphous. The amor- 
phous portion is then annealed at a temperature above 
the recrystallization temperature of the amorphous por- 
tion, but below the melting point of the crystallized por- 
tion of the first layer thereby recrystallizlng the ss 
amorphous portion of the first layer. The first layer may 
rendered amorphous by Ion Implantation. The method 
may be used to generate GaN layers on sapphire hav- 



The present invention may be more easily under- 
stood with reference to epitaxial growth of a layer 12 of 
GaN on a sapphire substrate 11 as shown in Figure 1. 
The lattice mismatch between the GaN and the sap- 
phire results in a high density of dislocations. Exemplary 
dislocations are shown at 13. If additional epitaxial lay- 
ers were grown on layer 12, these dislocations would 
propagate through the new layers. 

The present Invention provides a GaN buffer zone 
with a significantly tower density of dislocations. The 
buffer zone is created by destroying the crystal structure 
of the upper portion of GaN layer 12 by Ion implantation 
to form an amorphous layer 14 as shown In Figure 2. 
Amorphous layer 14 is then recrystallized by annealing 
structure 10 at a temperature above the recrystallization 
point of amorphous layer 14, but below the melting point 
of GaN layer 12. The resulting layer has been found to 
have substantially fewer dislocations as shown at 15 in 
Figure 3. 

The extent to which tho dislocations can be 
reduced in layer 14 depends on the thickness of layer 
14. If layer 14 Is too thin, the surface properties of the 
underlying layer will dominate the recrystallized struc- 
ture, and hence, the dislocations will not be removed. In 
the case of GaN. layer 1 4 should be greater than 50 nm. 

As noted above, the preferred method for creating 
the amorphous region is Ion implantation. The choice of 
ton and energy will, in general, depend on the epitaxial 
layer being bombarded. In the case of GaN, the pre- 
ferred ion is nitrogen which is Implanted with an energy 
of 20 keV and a density of at least 3 x 1 O^/cm 2 to gen- 
erate an amorphous region having a depth of approxi- 
mately 60 nm. Higher Implant energies result In thicker 
and deeper amorphous layers. 

In the preferred embodiment of the present Inven- 
tion an epilayer Is grown on top of the the recrystallized 
layer, ft has been found experimentally that the epilayer 
has even fewer defects than the recrystallized layer. 

various modifications to the present Invention will 
become apparent to those skilled In the art from the 
foregoing description and accompanying drawings. 
Accordingly, the present invention Is to be limited solely 
by the scope of the following claims. 

Claims 

1. A method for providing an epitaxial layer[14J com- 
prising a first material over a 6ub6trate[1 1 J compri6- 
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ing a 6econd material having a lattice constant 
different from that of said first material, 6aid method 
comprising the steps of: 

growing a first layer[12] of said first material on s 
6aid6ubstrate[11]; 

treating a portion[14] of said first layer thereby 
rendering said treated portion amorphous; and 

10 

annealing said amorphous portion at a temper- 
ature above the recrystallization point of said 
amorphous portion thereby recrystallizing said 
amorphous portion of said first layer. 

16 

2. The method of daim 1 wherein said step of treating 
said first layer comprises ion implanting said portion 
of said first layer. 

3. The method of claim 2 wherein said step of ion so 
Implanting comprises Jon implanting nitrogen 
atoms. 

4. The method of one of claims 1 to 3 wherein said 
first substratep 1] comprises sapphire and said first ss 
material comprises GaN. 

5. The method of claim 4 wherein said 6tep of treating 
said first layer comprises ion implanting said first 
layer. so 

6. The method of claim 5 wherein said ion implanted 
layer is greater than 50 nm in thickness. 

7. The method of one of claims 4 to 6 wherein said ss 
step of annealing said portion of said first layer 
comprises heating said portion of said first layer to 

a temperature above the recrystallization tempera* 
tore of said amorphous layer, but below the melting 
point of crystalline GaN. 40 

8. Themethodofoneofdalmslto7torthercorpns- 
ing the step of growing a second layer of said first 
material on said first layer after said step of anneal- 
ing said portion of said first layer. «s 
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FIGURE 3 




